We summarised available hepatitis C virus (HCV) surveillance data for 2012-14 from Arctic/sub-Arctic countries/regions. We sent a HCV data collection template by email to public health authorities in all jurisdictions. Population statistics obtained from census sources for each country were used to estimate rates of reported acute and chronic/undifferentiated HCV cases. Seven countries with Arctic regions (Canada, Denmark, Finland, Greenland, Norway, Sweden and the United States, represented by the state of Alaska), including three Canadian territories and one province, as well as 11 Russian subnational Arctic regions, completed the data collection template. Data on acute HCV infection during 2014 was available from three Arctic countries and all Russian Arctic regions (rate range 0/100,000 population in Greenland, as well as Nenets and Chukotka Automous Okrugs (Russian subnational Arctic regions) to 3.7/100,000 in the Russian Republic of Komi). The rate of people with chronic/undifferentiated HCV infection in 2014 ranged from 0/100,000 in Greenland to 171.2/100,000 in Alaska. In most countries/regions, the majority of HCV-infected people were male and aged 19-64 years. Differences in surveillance methods preclude direct comparisons of HCV surveillance data between Arctic countries/regions.
We summarised available hepatitis C virus (HCV) surveillance data for 2012-14 from Arctic/sub-Arctic countries/regions. We sent a HCV data collection template by email to public health authorities in all jurisdictions. Population statistics obtained from census sources for each country were used to estimate rates of reported acute and chronic/undifferentiated HCV cases. Seven countries with Arctic regions (Canada, Denmark, Finland, Greenland, Norway, Sweden and the United States, represented by the state of Alaska), including three Canadian territories and one province, as well as 11 Russian subnational Arctic regions, completed the data collection template. Data on acute HCV infection during 2014 was available from three Arctic countries and all Russian Arctic regions (rate range 0/100,000 population in Greenland, as well as Nenets and Chukotka Automous Okrugs (Russian subnational Arctic regions) to 3.7/100,000 in the Russian Republic of Komi). The rate of people with chronic/undifferentiated HCV infection in 2014 ranged from 0/100,000 in Greenland to 171.2/100,000 in Alaska. In most countries/regions, the majority of HCV-infected people were male and aged 19-64 years. Differences in surveillance methods preclude direct comparisons of HCV surveillance data between Arctic countries/regions.
Our data can inform future efforts to develop standardised approaches to HCV surveillance in the Arctic countries/regions by identifying similarities/differences between the surveillance data collected.
Although hepatitis C virus (HCV) is a major public health concern in many countries, the precise incidence and prevalence of HCV infections are unknown in large parts of the world [1] . The burden of HCV infection is difficult to ascertain because many HCV-infected people are asymptomatic or those at risk might not be tested for HCV infection. Furthermore, many widely used screening tests do not distinguish current from resolved infection or people identified with HCV infection might not be reported to public health authorities. To overcome these limitations, statistical models have been developed to provide more comprehensive estimates of the prevalence of HCV infection [2, 3] . According to one recent model, ca 115 million people (prevalence: 1.6%) worldwide had serologic evidence of HCV infection (anti-HCV antibody-positive) in 2013, including 80 million people (prevalence: 1.1%) with ongoing HCV viraemia [3] .
Over four million people live in the Arctic region [4, 5] , although the precise boundary of the Arctic is debatable. For the purposes of this report, we used the Arctic Human Development Report's definition of the Arctic boundary [5] . Countries A comprehensive estimate of HCV infection prevalence specific to Arctic countries is unavailable. Previous reports summarising the limited available epidemiologic data on HCV infection in Arctic populations indicated that the prevalence of and risk factors for HCV infection were similar to non-Arctic regions of countries [6, 7] . The prevalence of HCV infection based on serologic evidence ranges from 0.5 to 2% in Canada, Russia, Alaska (US) and Greenland [6] . Indigenous people comprise ca 10% of the Arctic population [8] , with certain groups being potentially disproportionately affected by HCV infection. The serologic prevalence of HCV infection among Canadian Inuit people was 1-18% [6] . Compared with the general US population, American Indian-Alaska Native people had a higher incidence of acute HCV infection and were 17 times more likely to die from a liver-related cause than the general US population [7, 9] .
Effective programs to identify and treat HCV-infected people can eliminate HCV in a population [10, 11] ; however, the implementation of such a programme is challenging because the Arctic region is large, sparsely populated and has limited healthcare/public health infrastructure outside major urban population centres [12] . Thus, rural residents may have limited local access to diagnostic tests to confirm HCV infection or to healthcare providers with expertise in managing viral hepatitis or antiviral medications. Furthermore, indigenous populations in the Arctic are more likely to live in regions without ready access to HCV-related care and could experience a disproportional burden of HCV morbidity compared with non-indigenous populations [7] . Arctic countries could identify best practices for tackling these mutual challenges by sharing information on surveillance methods and innovations for delivering healthcare in resource-limited settings. US: United States. a Data reported according to age categories as pre-defined by each country/region that most closely approximate age categories used for present report (< 19 years, 20-64 years and ≥ 65 years). The numbers reported here come from the national/regional population statistic sources. The age groups available to aggregate did not always line up with the way the surveillance data were provided. Age ranges were selected for the population that aligned best with the surveillance data.
To date, however, no published reports have summarised the epidemiology of HCV among Arctic countries. Therefore, our objective was to summarise the available surveillance data on HCV infection from Arctic countries (including sub-Arctic regions of countries with large Arctic populations). It was anticipated that this report could help public health stakeholders in participating countries to identify surveillance system strengths that could be implemented across all Arctic regions and to foster collaboration among stakeholders to address surveillance gaps common to all regions.
Methods
Data collection occurred in two phases. First, a viral hepatitis surveillance systems survey was sent by email to public health agency representatives in participating Arctic countries to assess their viral hepatitis prevention and control activities, with a specific goal to determine which aspects of HCV surveillance were conducted by all countries. The survey responses from the first phase guided the development of a standardised HCV surveillance data collection template for public health representatives in each country to complete.
Viral hepatitis surveillance systems survey
We developed a viral hepatitis surveillance systems survey to assess the existing viral hepatitis prevention and control programs in Arctic countries. The survey was developed with input from epidemiologists at the US Centers for Disease Control and Prevention's (CDC) Division of Viral Hepatitis, clinical liver disease specialists at the Alaska Native Medical Center and the viral hepatitis prevention coordinator at the State of Alaska Division of Public Health. The survey focused on acute hepatitis A virus infection, chronic hepatitis B virus infection and HCV infection (survey questions did not distinguish between acute and chronic HCV infection). For each virus, the survey evaluated three areas: vaccination/prevention programmes, surveillance systems and disease registries.
The survey was intended to target public health authorities in nine participating countries with Arctic populations (Denmark was also included, as Greenland is part of the Danish Kingdom and the health systems are tightly connected) [5] . We report data for countries/ regions that completed the HCV surveillance data template (Iceland and the Faroe Islands did not participate).
The survey was first sent by email in February 2015 to a single representative who was identified as the point of contact for viral hepatitis prevention and control activities at each of the public health agencies in all Arctic countries and regions (except the Faroe Islands, where we did not identify a respondent point of contact). Representatives who did not respond to the initial survey invitation were solicited for a response in March 2015 and again in April 2015. The survey results indicated that HCV surveillance programs were more comprehensive and more uniformly implemented across Arctic countries and regions than prevention and control programs for hepatitis A or B virus infections. Therefore, we decided to focus the second phase on collecting the available HCV surveillance data.
We developed a HCV surveillance data collection template based on the survey results (Table 1) . 
HCV surveillance data collection template
The viral hepatitis surveillance system survey informed our development of a data collection template that requested the following information: (i) surveillance case definitions for acute and chronic HCV infection; (ii) number of cases with acute HCV infection reported during 2012-14; (iii) number of cases with chronic HCV infection reported during 2014; (iv) demographic characteristics of cases with acute and chronic HCV infection and (v) HCV risk factors for people with acute HCV infection. We anticipated that many jurisdictions would not be able to share case-based data because of privacy concerns; therefore, the template requested aggregated data for all survey categories. The data collection template was first sent by email in April 2016.
We subsequently learned that many jurisdictions did not collect data on acute HCV cases. Therefore, we modified the data collection template so people with HCV infection that cannot be classified as acute, chronic or resolved (undifferentiated HCV cases) were grouped with chronic HCV cases and referred to as chronic/undifferentiated cases. In addition, the modified template requested data on HCV risk factors for people with chronic/undifferentiated HCV infection during 2014 (in addition to people with acute HCV infection). The change in the surveillance data collection template to improve data completeness after the initial request for information resulted in variation in the risk factor data reported between countries; countries provided risk factor data for cases with acute HCV reported during 2012-14, chronic/undifferentiated HCV reported during 2012-14 or chronic/undifferentiated HCV reported during 2014.
All participating jurisdictions completed the data collection template by August 2016. Because of the small population sizes of many Arctic regions, we do not report numbers for any categories with ≤ 5 cases in order to maintain confidentiality. Our study did not undergo human subjects ethics review because we did not recruit human subjects or collect any personally identifiable data.
Rates of acute and chronic/undifferentiated HCV cases
We estimated the population under surveillance in each Arctic country/region by using census data for 2013 or 2014 (Table 2) .
We calculated the rate per 100,000 people of acute and chronic/undifferentiated HCV infections by dividing the number of cases reported by the population in the corresponding country/region. In order to minimise double counting of cases with chronic/undifferentiated HCV infection who might have been reported in multiple years, we restricted our rate estimates to cases reported in a single year (2014 for all countries and regions, except for Canada, for which 2013 data were used). The HCV cases reported for Canada nationally are inclusive of the reported cases that we present separately for each Canadian territory/province. We did not perform statistical tests to compare rates/proportions because the surveillance data were assumed to represent complete counts (no sampling error). To minimise the influence of random variation associated with a small number of observations, we followed the US National Center for Health Statistics practice of not comparing any rates/proportions based on < 20 counts [13] .
Results
A total of seven Arctic and sub-Arctic countries contributed data to this report. The population of the countries that participated in this study ranged from 56,282 (Greenland) to 35,118,845 (Canada) ( Table 2 ). The population of the four territories and one province in Canada ranged from 36,083 (Nunavut) to 529,069 (Newfoundland and Labrador). The population of the 11 subnational Russian Arctic regions ranged from 43,373 (Nenets Autonomous Okrug) to 2,858,773 (Krasnoyarsk Krai).
Among the three countries that reported data on acute HCV infections in 2014 (Table 3) , Greenland reported zero cases, Denmark reported seven cases (rate: 0.1/100,000 population) and Sweden reported 143 (rate: 1.5/100,000 population). Of the seven cases in Denmark and 143 in Sweden, 100% and 98% were aged 10-64 years respectively.
The rate of reported acute HCV infections in the 11 Russian Arctic regions ranged from 0/100,000 in the Nenets Autonomous Okrug and Chukotka Autonomous Okrug to 3.7/100,000 in the Komi Republic. The Yukon Territory was the only Canadian subnational Arctic region to collect data on acute HCV cases and reported ≤ 5 acute HCV cases in 2014 (rate not calculated). The rate of chronic/undifferentiated HCV cases reported for 2014 in the seven of the Arctic countries ranged from 0/100,000 in Greenland to 171.2/100,000 in Alaska. In the four Canadian territories, it ranged from 16.6/100,000 in Nunavut to 51.1/100,000 in the Yukon territory, and in the 11 Russian Arctic regions it ranged from 27.6/100,000 in Chukotka Autonomous Okrug to 80.3/100,000 in Yamalo-Nenetsk Autonomous Okrug.
Among the Arctic jurisdictions reporting > 20 case-persons with chronic/undifferentiated HCV infection for 2014 (Table 4) , the majority (> 80%) of cases were aged 19-64 years and the majority were male in all jurisdictions except for the Russian regions of Murmansk Oblast (46.2%) and Sakha (Yakutia) Republic (38.7%).
Alaska, Nunavut and Denmark were the only three jurisdictions that provided information on whether HCV cases belonged to an indigenous group. Among the 1,262 chronic/undifferentiated HCV cases reported in Alaska during 2014, 179 (14%) persons were indigenous, 858 (68%) persons were non-indigenous and indigenous status was unknown for 225 (18%) persons. Fewer than five indigenous cases with HCV infection were reported in Nunavut and Denmark during 2014.
Information on risk factors for HCV infection was collected by three countries (Norway, Sweden and Denmark), three Canadian regions (Yukon Territory, Northwest Territories, and Newfoundland and Labrador) and all Russian Arctic regions. Injection-drug use was the most frequently reported risk factor in all regions, with > 20 cases, except in the Russian Arctic region, where stigma associated with injection-drug use might have resulted in under-reporting of that risk factor (Table 5 ).
Discussion
We collated available surveillance data on HCV infection in Arctic populations from seven Arctic countries including three territories and one province in Canada and 11 subnational Arctic regions in Russia. We found that HCV infection was more frequently reported among males, persons aged 19-64 years (20-59 years in the Russian Arctic regions) and individuals with a history of injection-drug use. We could not directly compare the HCV infection rates between countries/ regions because of differences in screening practices to identify persons at risk for HCV, as well as differences in surveillance case definitions and reporting of surveillance data (i.e. acute, chronic or undifferentiated HCV). Nevertheless, the data presented in this report can provide insights into the HCV surveillance systems currently operating in the Arctic.
The incidence and prevalence of HCV infection, as measured by any passive surveillance system, can vary greatly according to a number of factors along the HCV continuum of care [11, 14] . The prevalence of risk factors for HCV acquisition, such as injection-drug use, and the presence/effectiveness of programs to address HCV risk factors, such as needle-exchange or opiate-substitution therapy programs, will impact the potential number of persons with HCV infection in a population [15] . Before individuals with HCV infection can be reported to a surveillance system, they must be tested; however, many patients are not tested for HCV because they are asymptomatic or are not assessed for HCV risk factors. Consequently, many people are unaware of their infection status [11] . The reporting of HCV cases is, therefore, dependant on testing policies and on the resources available in each country to reach out and screen at-risk persons [16] . After a case is reported to the surveillance system, additional investigation might be necessary to confirm the HCV infection status (acute, chronic or resolved), to identify potential risk factors for infection and to determine whether the case is part of an outbreak requiring public health intervention. Further, identified HCV cases need to be linked to treatment and retained in care until they are cured, which can decrease the prevalence of chronic HCV infection in a population. At each step along the HCV continuum (from screening to treatment/cure) there can be considerable variation between countries [16, 17] ; HCV infection rates reported by passive surveillance, therefore, do not necessarily represent the true burden of disease in a population and direct comparisons cannot be made between countries/regions.
Despite the limitations associated with interpreting HCV surveillance data, our report can be useful for identifying similarities in HCV surveillance activities between Arctic countries/regions. All Arctic countries/regions collect data on HCV, which indicates that understanding the burden of HCV infections is an important public health priority. All jurisdictions rely on a passive surveillance system to identify HCV cases; most improve the identification of cases by requiring that healthcare providers and laboratories report all individuals that test positive for HCV infection. Many countries/regions also attempt to collect data on risk factors for having HCV infection.
We identified variations in the demographic and epidemiologic characteristics reported for each case between the countries/regions. For example, some countries/regions do not distinguish between acute/ chronic/resolved infections or do not remove duplicate HCV cases. Thus, cases may be reported to public health authorities more than once. As another example, the Alaska Department of Health and Human Services does not collect data on risk factors for having HCV, whereas Russia is able to obtain more comprehensive epidemiologic information about each case through the use of an electronic HCV patient registry. Furthermore, the case definition for acute HCV infection and the definitions of the risk factors for having HCV infection are not uniform across jurisdictions; Finland, for example, does not have a surveillance case definition. Finally, few countries/regions report data on persons suspected of having acute HCV infection.
This HCV surveillance report illustrates the known challenges associated with comparing HCV surveillance data between jurisdictions. Modelled estimates of the prevalence of chronic HCV infection in Arctic countries range from 0.8% in Canada to 2.6% in Russia (data available from the Institute for Health Metrics and Evaluation [18] ). The modelled chronic HCV prevalence rates are discordant with the annual rate of chronic HCV cases reported by Arctic countries in our study. The differences in the rates of HCV infection between Arctic countries/regions likely reflect differences in the comprehensiveness of screening at-risk populations for HCV infection or differences in access to HCV screening services (especially between rural and urban populations). These factors-not distinguishing acute from chronic HCV infection, potential double-counting of HCV cases and variation in identifying persons with HCV infection-limit direct comparisons of the HCV infection rates we report between countries/regions.
We also identified an important gap in knowledge regarding the epidemiology of HCV in the Arctic. Specifically, most countries/regions do not classify whether HCV cases belong to an officially recognised indigenous or socioeconomic group, so data on potential health disparities related to race/ethnicity or income is lacking. In the US, American-Indian/Alaska Native people have the highest incidence of acute HCV infections of any race/ethnicity [19] . Thus, collecting data on the indigenous status of HCV cases could help to evaluate whether similar disparities exist in other Arctic populations.
Despite the differences in the HCV surveillance systems between countries/regions, there still appears to be some general trends regarding HCV in the Arctic. The leading risk factor for having HCV infection among Arctic populations appears to be injection-drug use, the same as in other non-Arctic populations [20] . Sharing successful practices for reducing the prevalence of injection-drug use or for improving harm reduction strategies could provide an opportunity for collaboration between Arctic countries/regions. In addition, the majority of persons with chronic/undifferentiated HCV infection were within the broad age category of 19-64 years. Although all regions collect the specific ages of reported cases, we were unable to present data by more precise age groups because of privacy concerns. Assuming that the prevalence of HCV infection in the Arctic is similar to that estimated for other high-income countries, we would expect the prevalence to be highest among adults aged 45-64 years [21] . In addition, if the rates of injection-drug use are higher among young adults, as observed in other high-income regions, we would expect the incidence of HCV to be high among young adults as well [22, 23] .
Ideally, HCV surveillance data from Arctic countries/ regions should be summarised on a regular basis to allow for monitoring relative disease trends. Future surveillance reports could be improved if the participating public health agencies collaborated to develop standardised case definitions (including definitions for HCV risk factors) and data reporting templates. Demographic and risk factor information on HCV cases could be obtained more thoroughly and efficiently by linking HCV surveillance databases with those for other blood-borne pathogens, such as human immunodeficiency virus. To facilitate the development of standardised HCV surveillance protocols, public health authorities from Arctic countries could consider developing a position statement on conducting surveillance for HCV infections. The statement could address the unique surveillance challenges confronting low-or middle-income (typically rural) regions within high-income countries. Uniform reporting of surveillance data could help to make more meaningful comparisons of HCV epidemiology between regions. Comparing trends in the epidemiology of HCV infections between regions could help to identify successful prevention and control programs, as well as policies that could be considered for implementation in other regions.
